Introduction {#s1}
============

Ulcerative colitis (UC) is one of the two most common forms of inflammatory bowel disease (IBD) worldwide with a progressively increasing incidence \[[@R01]\]. More than 20% of patients with UC will eventually require surgical management \[[@R02]\], for which the procedure of choice is total proctocolectomy (TPC) with ileal-pouch anal anastomosis (IPAA). IPAA obviates the need for a permanent end ileostomy, preserves the route of natural defecation, and maintains fecal continence. This surgical procedure has been demonstrated to have a high success rate of up to 90-95% with improved functional outcome and quality of life (QOL) \[[@R03]\].

However, IPAA has been shown to be associated with adverse events including pouchitis, anastomotic leak, anal stricture, pelvic sepsis, and small bowel obstruction \[[@R04]\], which may result in pouch failure with pouch excision or permanent diversion in 3.5-10% of cases \[[@R05], [@R06]\]. Approximately half of the male populations electing to undergo IPAA are male with an average age of 40 - 50 years \[[@R07], [@R08]\]. The resection of colon and rectum leaves the pelvic space to be filled with the fashioned ileal pouch, which is in the close proximity to the prostate gland. A healthy or diseased ileal pouch and prostate may have an impact on either organ's functional outcome. The proximity makes local management of prostate cancer in male IPAA patients challenging \[[@R9]\].

In our clinical practice, we have noticed that an enlarged prostate was common in patients with IPAA. Its risk factors and impact on pouch outcomes are not known. We hypothesized that the presence of an ileal pouch may lead to prostate enlargement due to the close proximity between the two organs and these morphologic changes may be associated with pouch inflammation. The aims of the study were to identify the factors associated with enlarged prostate and to investigate its clinical implications.

Patients and Methods {#s2}
====================

Patients {#s2a}
--------

The study was approved by the Institutional Review Board (IRB) at the Cleveland Clinic Foundation. All eligible male patients with IPAA were identified from a prospectively maintained pouchitis database. Prostate imaging (either computerized tomography or magnetic resonance) were procured through electronic query and field search. Images were reviewed and analyzed on an Impax 6.0 PACS (AGFA healthcare, Siemens, Mortsel, Belgium).

Inclusion criteria and exclusion criteria {#s2b}
-----------------------------------------

Men with IPAA who had available imaging for prostate gland volume measurement were included in this study. Patients with a preoperative diagnosis of UC, indeterminate colitis (IC), or Crohn's colitis were included. Patients with Kock pouch or familial adenomatous polyposis were excluded.

Study variables {#s2c}
---------------

Patient demographics, smoking, family history of cancer (prostate cancer, colon cancer, etc.) and IBD-related characteristics (disease duration, diagnosis at the time of colectomy (UC vs. Crohn's colitis vs. indeterminate colitis), indication for colectomy, extent of colitis, and primary sclerosing cholangitis (PSC), and pouch-related variables (configuration of pouch, number of stage of pouch surgery, duration of pouch, pouch disease diagnosis, and current use of anti-tumor necrosis factor biologics/immunomodulators) were obtained from the database. Patient electronic medical records were reviewed to collect data regarding prostate gland related features (history of prostatic diseases, prostate specific antigen (PSA), prostate volume before and after IPAA). We looked to see if there were any concurrent autoimmune diseases including asthma, diabetes mellitus, rheumatoid arthritis, thyroid disease, psoriasis, Sjogren syndrome, Raynaud\'s phenomenon, systemic lupus erythema, hemolytic/pernicious anemia, vitiligo, idiopathic thromboembolic purpura, celiac disease, multiple sclerosis, autoimmune pancreatitis, and autoimmune hepatitis.

Outcome measurements {#s2d}
--------------------

The length and width of the prostate were measured in the axial plane and height from the coronal plane. ([Fig. 1](#F1){ref-type="fig"}) The prostate gland volume was calculated using the formula (length × width × height) × π/6 \[[@R10], [@R11]\]. Prostate size varies with age. We set up prostate glands with a volume greater than 40 cm^3^ as an enlarged prostate gland in this study. The association of the enlarged prostate and clinical variables was assessed.

![Axial (left) and coronal (right) MRI images showing the methodology for measurement of prostate volume: anterior-posterior diameter (A-B) of 46 mm, width (transverse) (C-D) of 62 mm, and height (cranio-caudal) (E-F) of 62 mm.](gr-11-005-g001){#F1}

Statistical analysis {#s2e}
--------------------

The association of the enlarged prostate with patient demographics, underlying disease, characteristics of IPAA, and pouch diagnosis were analyzed. Descriptive analyses were used to summarize the data procured. These included mean/standard deviation for continuous factors, and frequency/percentage for categorical factors. Univariate analysis (Chi-square or Fisher's exact tests) was used for categorical variables and Student's *t*-tests or Wilcoxon rank sum tests for continuous variables. Differences will be deemed statistically significant with a P value less than 0.05.

Results {#s3}
=======

A total of 234 male patients with IPAA and available post-IPAA prostate gland imaging were included in this study. Ethnic demographics included 221 (94.4%) Caucasian patients, five (2.1%) African American patients, and eight (3.4%) patients of "other" ethnicity. The mean age was 44.9 ± 14.5 years at the time of prostate measurement and 35.8 ± 13.9 years at the time of pouch construction. The mean duration of UC diagnosis to pouch creation was 9.6 ± 7.6 years. Indications for colectomy varied among the patients with refractory UC in 202 (86.3%) and development of dysplasia in 32 (13.7%). Pouch surgery was 1-stage IPAA in two (0.9%) patients, 2-stage IPAA in 122 (52.1%), 3-stage in 70 (29.9%), and the remaining 40 (17.1%) patients had a redo pouch. Since disease status of ileal pouch is not static, we used the assessment of last pouch center visit as the final diagnosis. The final pouch diagnosis in these patients were as follows: normal pouch in 13 (5.6%) patients, irritable pouch syndrome (IPS) in 30 (12.8%), active pouchitis in 27 (11.5%), refractory pouchitis in 40 (17.1%), Crohn's disease (CD) of the pouch in 59 (25.2%), cuffitis in 22 (9.4%), and surgical complications of the pouch in 43 (18.4%).

Prostate gland volume measurement {#s3a}
---------------------------------

The mean length of prostate gland in this cohort was 3.6 ± 0.8 cm, the mean width 4.5 ± 0.7 cm, and the mean height 3.8 ± 0.9 cm. The mean prostate volume was calculated using the aforementioned formula at 33.9 ± 19.1cm^3^. Using a cut-off of 40 cm^3^, patients were classified as having an enlarged prostate gland (n = 58) versus a normal prostate gland (n = 176).

Association of prostate gland enlargement and clinical characteristics {#s3b}
----------------------------------------------------------------------

Patients with prostate gland enlargement were older at the time of measurement and at the diagnosis of ulcerative colitis. No statistically significant differences were found in smoking history, chronic use of nonsteroidal anti-inflammatory drugs (NSAID), and concurrent autoimmune diseases ([Table 1](#T1){ref-type="table"}). Univariate analysis showed no significant association of enlarged prostate and underlying IBD characteristics ([Table 2](#T2){ref-type="table"}) including family history of IBD, indication for colectomy, extent of IBD, toxic megacolon, or the use of biologics before colectomy. PSA level was tested in only 23 patients and there was no significant association between PSA level and prostate enlargement (3.81 ± 3.04 vs. 1.5 ± 1.33, P = 0.06).

###### Association of Enlarged Prostate and General Clinical Variables

  Variable                                           Enlarged (n = 58)   Normal (n = 176)   P value
  -------------------------------------------------- ------------------- ------------------ -----------
  Age at prostate volume measurement                 55.6 ± 11.5         41.3 ± 13.6        \< 0.0001
  Age at ulcerative colitis diagnosis                33.9 ± 12.4         23.7 ± 11.7        \< 0.0001
  Smoker                                             14 (24.1%)          32 (18.2%)         0.34
  Chronic non-steroidal anti-inflammatory drug use   4 (6.9%)            11 (6.2%)          0.99
  Concurrent autoimmune disease                      7 (12.1%)           25 (14.2%)         0.83

###### Association of Enlarged Prostate and Underlying Inflammatory Bowel Disease Characteristics

  Variable                                       Enlarged prostate (n = 58)   Normal prostate (n = 176)   P value
  ---------------------------------------------- ---------------------------- --------------------------- ---------
  Family history of inflammatory bowel disease                                                            0.53
  None                                           44 (75.9%)                   146 (83%)                   
  Crohn's disease                                3 (5.2%)                     8 (4.5%)                    
  Ulcerative colitis                             11 (19%)                     21 (11.9%)                  
  Both                                           0 (0%)                       1 (0.6%)                    
  Indication for colectomy                                                                                0.18
  Refractory                                     47 (81%)                     155 (88.1%)                 
  Dysplasia                                      11 (19%)                     21 (11.9%)                  
  Preoperative diagnosis                                                                                  0.69
  Ulcerative colitis                             54 (93.1%)                   160 (90.9%)                 
  Indeterminate colitis                          4 (6.9%)                     14 (8%)                     
  Crohn's colitis                                0 (0%)                       2 (1.1%)                    
  Extent of IBD                                                                                           0.86
  Pancolitis                                     54 (93.1%)                   165 (93.8%)                 
  Left colitis/proctitis                         4 (6.9%)                     11 (6.2%)                   
  Toxic megacolon                                6 (10.3%)                    16 (9.1%)                   0.77
  Preoperative biological therapy                7 (12.1%)                    34 (19.3%)                  0.20

Association of enlarged prostate and pouch-related characteristics {#s3c}
------------------------------------------------------------------

As detailed in [Table 3](#T3){ref-type="table"}, redo pouch was more common in patients with an enlarged prostate gland; however the difference was not statistically significant. Although age differed, the duration of pouch was comparable between patients with enlarged and normal prostate glands. The presence of an S-pouch was significantly associated with prostate gland enlargement, as was the postoperative use of biologics. The postoperative use of immunosuppressants was similar in patients with normal and enlarged prostate glands.

###### Association of Enlarged Prostate and Pouch-related Features

  Variable                                       Enlarged (n=58)   Normal (n=176)   P value
  ---------------------------------------------- ----------------- ---------------- ---------
  Stage of pouch surgery                                                            0.84
  1                                              0 (0%)            2 (1.1%)         
  2                                              29 (50%)          93 (52.8%)       
  3                                              17 (29.3%)        53 (30.1%)       
  Redo pouch                                     12 (20.7%)        28 (15.9%)       
  Duration of pouch construction to last visit   10.1 ± 5.8        9.1 ± 6.2        0.27
  Pouch type                                                                        0.02
  J-pouch                                        54 (93.1%)        174 (98.9%)      
  S-pouch                                        4 (6.9%)          2 (1.1%)         
  Postoperative immunomodulators                 4 (6.9%)          26 (14.8%)       0.47
  Postoperative use of biologics                 3 (5.2%)          30 (17%)         0.02
  Final pouch condition                                                             0.15
  Normal                                         3 (5.2%)          10 (5.7%)        
  Irritable pouch syndrome                       8 (13.8%)         22 (12.5%)       
  Active pouchitis                               11 (19%)          16 (9.1%)        
  Refractory pouchitis                           11 (19%)          29 (16.5%)       
  Crohn's disease                                10 (17.2%)        49 (27.8%)       
  Cuffitis                                       8 (13.8%)         14 (8%)          
  Surgical complications                         7 (12.1%)         36 (20.5%)       
  Pouch failure                                  6 (10.3%)         29 (16.5%)       0.30

A trend towards increased acute pouchitis in patients with enlarged prostate was noticed, however the difference was not statistically significant (19% vs. 9.1%, P = 0.056). There was no significant association between prostate gland volume and pouch failure.

Multivariate analysis of association between enlarged prostate and clinical variables {#s3d}
-------------------------------------------------------------------------------------

A multivariate logistic regression model was performed to evaluate the association between an enlarged prostate gland and other clinical variables. As shown in [Table 4](#T4){ref-type="table"}, the presence of an S-pouch was associated with seven-fold increased risk of prostate gland enlargement, remaining statistically significant after adjusting for age and redo pouch on multivariate analysis.

###### Multivariate Analysis of Risk Factors of Enlarged Prostate

  Variable          Odds ratio (95% confidence interval)   P value
  ----------------- -------------------------------------- ---------
  Age               1.1 (1.05 - 1.11)                      0
  Acute pouchitis   2.4 (0.9 - 6.2)                        0.07
  S-pouch           7.2 (1.1 - 46.4)                       0.04
  Redo pouch        1.4 (0.6 - 3.4)                        0.42

Discussion {#s4}
==========

Our study found that enlarged prostate gland was common in patients with IPAA. Prostate gland enlargement was associated with both age and pouch configuration. However, pouch disease conditions, pouch failure, redo pouch surgery, and smoking history were not found to be associated with an enlarged prostate. To the best of our knowledge, there have been no prior studies examining the association of these variables.

The surgical procedures TPC and IPAA involve both colonic and rectal dissection. Throughout the latter part of both surgeries, the rectum is dissected anteriorly to the prostate in male patients. Subsequently an ileal pouch is placed in the immediate vicinity of the prostate gland. The previous studies on interaction between an ileoanal pouch and the prostate gland were limited only to treatment of prostate cancer in pouch patients. In a retrospective review, Umbreit et al \[[@R12]\] included 16 patients undergoing a prostatectomy after IPAA and found that prostatectomy was successfully achieved in all patients without pouch violation or pouch-related postoperative complications. The authors also found overall pouch function remained unchanged after prostatectomy. Another study by Williamson et al \[[@R13]\] involving brachytherapy for localized prostate cancer in patients with IPAA showed no serious pouch complications, such as pouch ulcers, fistulas, or fecal incontinence \[[@R13]\]. In these patients, bowel frequency worsened immediately after brachytherapy. However, all patients returned to their baseline bowel pattern 4 months after the procedure \[[@R13]\].

Our study focuses on changes in prostate volume after IPAA. One of the strongest correlations was found between advanced age and prostate volume. The average age of the enlarged prostate group was approximately 10 years older than the normal prostate group. This association characterized between age and prostate volume is not surprising. There have been multiple studies relating increasing prostate volume to age \[[@R14], [@R15]\] which had been ascribed to hormonal levels \[[@R16], [@R17]\].

The present study showed an association between an S-pouch configuration and enlarged prostate. An S-pouch is constructed using three limbs of 12 to 15 cm of terminal small bowel and may be usually created to excessive tension in the anastomosis \[[@R18]\]. A possible explanation for the S-pouch configuration and association with prostate enlargement may be the complex nature of the suturing involved in the S-pouch procedure as compared with simpler J-pouch configuration. The creation of the S-pouch is by hand-sewn anastomosis to the anal transitional zone, which has an increased manipulation of tissue adjacent to the prostate.

No increased risk for adverse outcomes was found to be associated with prostate enlargement in UC patients with an ileal pouch. Therefore, patient assurance should be given if an enlarged prostate is found on imaging studies and aggressive investigation may not be necessary.

Our study was limited by its retrospective study design. The dynamic changes in prostate volume cannot be assessed because constant monitoring of prostate size with imaging studies is not feasible. It would be more effective if we had access to multiple scans throughout a specific time span, leading to more reliable data. Additionally the enlarged prostate could be due to other confounding factors, such as age or hormonal level. A longitudinal study measuring the prostate volume before and after TPC and IPAA is warranted to further illustrate the impact of the surgery on the morphology of the prostate. Finally, the study had selection and referral bias due to the nature of our Pouch Center. We established the Center for Ileal Pouch Disorder at the Cleveland Clinic in 2002. Up to the date of the censor of the data, we had 1,520 patients in our Pouchitis Registry. A total of 435 patients had images of computed tomography (CT) or magnetic resonance imaging (MRI) which were available to review, among whom 234 patients were males. We included all 234 patients in the study. Due to the nature of the Center for Ileal Pouch Disorders, more than 90% of patients had various forms of ileal pouch disorders, ranging from irritable pouch syndrome to CD of the pouch. In fact, only 13 (4.3%) patients had normal pouches. Transabdominal imaging such as CT and MRI have been routinely performed in patients with diseased pouches, ranging from chronic pouchitis to CD of the pouch. Therefore, the studied patient population in this cohort may not reflect true general pouch population in which the majority of patients have normal functioned pouches. To verify our findings, a prospective study with cross-sectional imaging would be performed in all patients with healthy or diseased pouches.

In conclusion, prostate enlargement is common in patients with IPAA, which did not appear to be associated with a poor pouch outcome. Advanced age and pouch configuration were found to be factors associated with the enlarged prostate.
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CD

:   Crohn's disease

CT

:   computed tomography

EHR

:   electronic health record

IBD

:   inflammatory bowel disease

ICD

:   the International Classification of Disease

IPAA

:   ileal pouch-anal anastomosis

IPS

:   irritable pouch syndrome

IRB

:   the Institutional Review Board

MRI

:   magnetic resonance imaging

NSAID

:   non-steroidal anti-inflammatory drugs

PSA

:   prostate-specific antigen

PSC

:   primary sclerosing cholangitis

QOL

:   quality of life

TPC

:   total proctocolectomy

UC

:   ulcerative colitis
